In this paper, the history of Durne Bagno, i.e. the largest peat bog in the Lublin Polesie, is shown. Peat bogs are a unique element of the Polesie landscape. They occur mostly in the subregion of the Łęczna-Włodawa Lake District occupying 1.07% of its area. They fill basin-shaped depressions without outflow, often in the immediate vicinity of dystrophic lakes. Based on interdisciplinary research, the changes of vegetation cover and the Durne Bagno lake-mire ecosystem in the Late Glacial and Holocene are presented. The environmental conditions are reconstructed from pollen analysis, detailed identification of algae of Pediastrum genus and chemical composition of deposits, together with the results of Cladocera analysis. The distribution of archaeological artefacts in the surroundings of Durne Bagno peat bog gives the view on the intensity of settlement in this area. The duration of the limnic and mire stages during the development of the ecosystem was different in different parts of the examined depression. In its central part the limnic stage lasted about 8000 years and included the period from the Late Glacial to the middle Holocene (to about 6000 BP). It is represented by 7 pollen zones and 6 chemical zones. The mire stage contained a part the Atlantic period and on the Subboreal and Subatlantic periods. It is represented by 4 pollen zones and 5 chemical zones. Limnic and mire deposits differ widely in the concentrations of chemical elements. The contents of mineral material and almost all analyzed elements in limnic deposits are high. These deposits are characterized by positive correlation between the contents of Zn and Cr and the frequency of Cladocera fauna. Peat contains very low amount of mineral material. The contents of Ca, Sr and Ba are rather high in sedgemoss peat. The concentrations of these elements decrease upwards due to oligotrophic processes and sedentation of sedge-Eriophorum-Sphagnum peat. Peat succession was modified by pastoral economy of prehistoric man.
INTRODUCTION
Mires are one of most important landscape elements of the Lublin Polesie. They cover about 25% of its area. Most of them occur in the subregion of the Łęczna-Włodawa Lake District where 410 mires are each over 1 ha in area and 28% of them are of lake origin (Borowiec, 1990 and Malicki and Litwińczuk, 2002) . Fens are the most common type of mires in this subregion. Among them carbonate fens can be found. Transitional mires cover a considerably smaller area (<2%) and usually occur near dystrophic lakes and in the marginal parts of peat bogs. They are overgrown by turf and mosssedge plants, which also form floating blankets of vegetation, the so-called "floating islands". Peat bogs cover only 1.07% of the area. They occur in basin-shaped depressions without outflow, often in the immediate surrounding of dystrophic lakes. The largest peat bog in the region is named Durne Bagno. Unfortunately, only few published papers concern this subject. The first pollen analysis of the deposits from the Durne Bagno peat bog was performed for Master's degree by S. Kyć at the Department of Plant Physiology of the Maria CurieSkłodowska University in the 1960's and the results, published by Paszewski and Fijałkowski (1971) , included only tree curves. Therefore, new studies on geology and palaeoecology were undertaken. The results of geological investigations and studies of Cladocera development and also preliminary results of pollen analysis were published by Szeroczyńska (2003) and Bałaga et al. (2006) . The aim of this paper is to present a synthesis of the problems concerning the changes of lake-mire ecosystem, history of vegetation cover and role of prehistoric man in its development. The basis was interdisciplinary palaeoecological research (pollen analysis, detailed identification of Pediastrum genus, analysis of chemical composition of deposits and Cladocera fauna) and study of prehistoric settlement in individual archaeological periods.
SITE DESCRIPTION
The Durne Bagno peat bog of continental type is located in the central part of the Polesie National Park. It occupies the clearly distinguishable oval-shaped depression in sandy deposits, about 1 km 2 in area (Fig. 1) . The western part of the depression is rather shallow and its eastern part reaches the depth of 7-8.5 m (Paszewski and Fijałkowski, 1971 and Bałaga et al., 2006) . Limnic-mire deposits fill the depression. In the marginal belt (100-200 m) of the peat bog only sedge-moss and Sphagnum peats occur, which overlie mineral substratum; their thickness reaches 2.5 m. In the central, deeper part of the depression the thickness of typologically differentiated peat increases to 3-4.5 m.
Currently, the peat bog is overgrown by sparse pinebirch forest, with pine predominant in the central, highest part. The proportion of birch is higher in the marginal belt of the peat bog. The Ledo-Sphagnetum magellanici association forming "hummock and hollow" structure is composed of peat mosses (Sphagnum rubellum, Sph. magellanicum, Sph. cuspidatum, Sph. apiculatum and Sph. squarosum) with high proportion of dwarf shrubs of the Ericaceae family (Ledum palustre, Vaccinium uliginosum, V. vitis idaea, Oxycoccus quadripetalus, Andromeda polifolia and Calluna vulgaris) . Brown mosses (Polytrichum strictum and Aulacomnium palustre) are also present (Paszewski and Fijałkowski, 1971) . The marginal belt is also overgrown by willow shrubs with alder. In this zone Eriophorum vaginatum and E. latifolium are abundant. Trees were cut down in the selected parts of peat bog marginal zone in order to improve water conditions and to maintain "hummock and hollow" structure, which is typical of peat bogs. Dense birch saplings grow in this zone now.
From the south-west, north and north-east the peat bog is surrounded with varied forest. The communities of Alnetea glutinosae class predominate on peat soils occurring to the southern-west and northern-west of the peat bog and those of the Vaccinio-Piceetea and QuercoFagetea -on podzolic and brown soils to the north and east. Meadows occur to the south of the peat bog. The distribution of soils is presented in Fig. 2. 
MATERIALS AND METHODS
Two deposit cores were taken from the deepest, central part of the depression: DB-1 (complete profile) and DB-2 (bottom layers). The core DB-3 (bottom layers) was taken in the shallower part of the depression. The location of the examined profiles is shown in Figs 2 and 3.
Pollen and macrofossils analysis
For pollen analysis the samples of 1 cm 3 volume were collected from three cores (DB-1, DB-2, DB-3). The deposits containing CaCO 3 were treated with HCl. Carbonate-free and peat deposits were preliminary treated with 10% KOH. The samples containing silica were treated with cold 40% HF. Then all samples were subjected to Erdtman's acetolysis (Faegri and Iversen, 1989) . In order to calculate the concentration of sporomorphs, two tablets with Lycopodium spores were added to each sample (Stockmarr, 1971) . The macerated samples were sluiced with pure glycerine and stained with safranine. The calculations of pollen percentages and concentrations, pollen diagrams and statistical presentation of data were made basing on the POLPAL software. The percentage pollen diagrams were constructed using the sum of AP+NAP, without limnophyta, telmatophyta and spores. Macrofossils of water plants were determined in the bottom part of the profile DB-1; deposit was washed according to the procedures of preparing material for radiocarbon dating by means of the AMS method.
Chemical analyses
The samples for chemical analyses were taken from the profile DB-1. The analyses were made in the Institute of Soil Science and Natural Environment Protection, Agricultural Academy in Lublin. The samples were dried to a constant weight and next mineralised in a wet state in a mixture of HNO 3 and HClO 4 (1:1) in microwave ovens in an open system of Prolabo Microdigest 3.6. Major and minor elements were determined by means of emission spectrometry ICP on the Leeman Labs PS 950 apparatus. The content of mineral substances was determined by combustion at 550°C (in the Department of Physical Geography and Paleogeography, Maria CurieSkłodowska University in Lublin).
Archaeological materials
In order to interpret the impact of human economic activities on vegetation cover the archaeological data collected within a three-kilometre radius were presented as maps of findings from individual periods (Taras, 2005 and unpublished materials).
Lithology
Deposit cores were described according to the method by Troels-Smith in order to distinguish deposit components and to determine quantitatively their contents (Troels-Smith, 1955 ; Tables 1-3).
Radiocarbon dating
Five samples from the profile DB-1 were radiocarbon dated at the Radiocarbon Laboratory in Poznań and one sample from the core DB-2 -at the Radiocarbon Laboratory in Gliwice. Results of the radiocarbon dating are shown in Table 4 and Fig. 4 .
Pollen and geochemical records
Pollen diagrams are divided into local pollen assemblage zones and subzones (LPAZ), i.e. biostratigraphic units characterized by their composition of sporomorphs (Berglund and Ralska-Jasiewiczowa, 1986) . Unit boundaries are designated by means of traditional method taking into account the increase or decrease of the percentage curves of main trees and herbaceous plants and supported by means of Conslink numerical method (Walanus and Nalepka, 2003 
REMARKS ABOUT STRATIGRAPHY
Palynostratigraphy from the profile DB-1 indicates that bottom deposits are older than Alleröd. A similar age, pre-Alleröd (determined by palynological analysis) can be assigned to the bottom deposits in the profile DB-2. These results are inconsistent with the results of radiocarbon dating (AMS) for the profile DB-1 (Table 4 and Fig. 4) . The sample from a depth of 795-793 cm was radiocarbon dated at 11330±70 BP but pollen analysis indicates that the deposit was accumulated in an earlier, cold period. The sample from a depth of 744-742 cm, dated at 10500±110 BP, palynologically corresponds to the Alleröd. If we assume that radiocarbon ages are correct we should find that the deposits are disturbed; under the deposits of the Younger Dryas age (strongly confirmed by pollen analysis) deposits from both, the Alleröd and Younger Dryas, are present. Is it possible? Permafrost degradation and subsidence of substratum by the end of the Pleistocene (Bałaga et al., 2006 and Dobrowolski, 2006) did not provide stable conditions for the deposition of biogenic deposits. Even little hypsometric differentiation of the area could have favoured translocation of loose, usually waterlogged material. It could have been also caused by asymmetric arrangement of deposit layers in the lake. Such arrangement is related to wind action, especially in shallow parts of a lake during the initial phase of its formation (Tobolski, 2000) . The occurrence of sloping deposit layers (oblique lamination) of the Alleröd age was found in some sections of the profiles examined in the Moszne and Karaśne sites. Similar oblique lamination occurs in some parts of the Durne Bagno profiles. Among 130 borings (Bałaga et al., 2006) at least 8, situated mostly in the central and northern parts of the examined object, reveal oblique layers. However, more often they dip towards the N and S and not to the W, as it could be expected from the prevailing wind directions (Warakomski, 1998) . The role of wind in deposition of laminated deposits can also raise doubts.
The kind of the deposit sampled at 795-793 cm (mineral gyttja) and high NAP content (40%) indicate that it was deposited under cold climatic conditions, so they were not deposited in the warm Alleröd. On the other hand, the decrease of the NAP values in the layer dated at 10500±110 BP doesn't reflect cold climate of the Younger Dryas type suggesting its older age. Similar stratigraphic interpretation can be deduced from the occurrence of Hippophaë rhamnoides pollen. In most lakemire profiles of the Łęczna-Włodawa Lake District this pollen appears with the higher frequency in the deposits older than the Pinus-Betula zone, which is correlated with the Alleröd. Therefore, the lowest layers from the profiles DB-1 and DB-2 might be older than the Alleröd because they contain Hippophaë rhamnoides pollen (compare Krupiński et al., 2004) . Based on the results of pollen analysis in the profiles DB-1 and DB-2, we cannot unequivocally settle the question whether the deposit is disturbed. The composition of pollen spectra from the bottom layers, which resembles that found in the Perespilno profile (well-dated by radiocarbon method, Goslar et al., 1999; Bałaga, 2004) , can suggest the age of about 12000 BP.
Pollen analysis of the Holocene section (to 5990 BP) of the profile DB-1 also indicates disturbance in sedimentation; deposit discontinuity occurs in the Preboreal chronozone and at the turn of the Boreal and Atlantic chronozones. Such an interpretation is supported by the comparison of the pollen analysis results obtained for the profiles DB-1, DB-3 and nearby sites Moszne and Krowie Bagno (Bałaga et al., 1983 (Bałaga et al., , 1992 and Fig. 4) . Compared with the profile DB-3, the section corresponding to the Preboreal chronozone in the profile DB-1 is reduced to the thickness of 25 cm. The sedimentation hiatus at the turn of the Boreal and Atlantic chronozones in the profile DB-1 is evidenced by the relatively late (about 5990 BP) maxima of alder and oak. If sedimentation rate in the profile DB-1 is calculated for the section between the well-dated boundary YD/Holocene and 5990 BP, it is only about 0.03 mm/year. Such low result is inconsistent with the decreasing total pollen concentration. Total pollen concentration in the examined profile section evidences changeable accumulation of deposit - Reimer et al. (2004 ), OxCal v. 3.10 Bronk Ramsey (2001 rather rapid in the initial phase and consistently decreasing till about 6000 BP. Therefore, the weakly recorded Preboreal chronozone is not taken into consideration and the maximum of hazel (well-dated at 8800 BP in the Moszne profile, Bałaga et al., 1992) is used in further calculations of sedimentation rate. Assuming continuous accumulation, the average sedimentation rate between the hazel maximum and the layer dated at 5990 BP is about 0.3 mm/year. However, the results of pollen analysis indicate a probable sedimentation hiatus between the Boreal and Atlantic chronozones so the age of the determined pollen boundaries between them is only approximate.
CHANGES OF VEGETATION COVER AROUND THE EXAMINED PEAT BOG
Development of the vegetation in the Durne Bagno area has been characterized on the basis of LPAZ distinguished in the profiles: DB-1 (Figs 5a and 5b), DB-2 ( Fig. 6 ), DB-3 (Fig. 7) . Based on the available radiocarbon dating, they are correlated with chronozones in accordance with the proposal of Mangerud et al. (1974) .
Late Glacial
The development of vegetation cover in the Late Glacial was recorded by three pollen zones and two subzones
NAP LPAZ (DB-1; 800-745 cm, DB-2; 755-750cm)
The zone with the high values of NAP corresponds to the Older Dryas chronozone. The results of radiocarbon dating from this section are inconsistent with indirect dating based on palynological analysis (see chapter "Remarks about stratigraphy"). Taking into account the welldated initial layer of lacustrine sedimentation in the Lake Perespilno Bałaga 2004) with the similar pollen composition, we can suppose that this zone represents even older deposits from the end of the Pleniglacial. Such a conclusion is also confirmed by the results of radiocarbon dating of bottom layers of lacustrine deposits (older than 12,300 BP) obtained for other lakes of the Łęczna-Włodawa Lake District (see Bałaga, 2007) . Two distinguished subzones (DB-1) indicate the differentiated succession of communities.
-Cyperaceae-Betula nana subzone The low total pollen concentration ( Fig. 4) and high pollen percentages of NAP evidence woodless landscape. The communities of herbaceous plants and shrubs developed on habitats of various soil-moisture. Tundra with dwarf Betula nana and Salix (cf. polaris) occurred on wet habitats around a lake, which was forming at that time. The communities of grasses-Artemisia steppe spread on dry habitats on the surrounding elevations. At the wet shores of the shallow lake the communities of herbs with Cyperaceae, Equisetum, Musci and ferns grew. The presence of Betula nana indicates that the temperature of the coldest month was below 0°C (Tobolski, 1991; Granoszewski 1998 ).
-Salix-Artemisia subzone The rise of Betula pollen evidences the progressive expansion of open birch forests because of gradual climate warming. The communities of herbaceous plants became enriched with new taxa. The decreasing curve of Cyperaceae and increasing pollen values of vegetation representing dry habitats with Poaceae and Artemisia can be related with less humid climate at that time. The presence of pollen of Betula nana indicates the continuing existence of patches of tundra communities. The wet habitats were favourable for willows development, where their thickets increasingly became dense. Sporadically appearing pollen of Alnus viridis was produced by shrubs, which probably occupied slightly moist mineral soils near the lake. Potamogeton sec. Eupotamogeton and Myriophyllum spicatum appeared in the lake and algae of Pediastrum genus were abundant. Musci, ferns and horsetails had good conditions and continued their development in the belt around the lake.
Pinus-Betula LPAZ (DB-1; 745-670 cm, DB-2; 750-735 cm)
This pollen zone represents the Alleröd chronozone. The rise in total pollen concentration indicates more intensive development of vegetation cover. The response to the amelioration of climatic conditions was the development of open birch and pine forests. The expansion of pine at the expense of birch occurred in the middle phase of this chronozone. Birch reaches the maximum pollen values (51.8%) in the first and the final phase of the zone. The development of birch forests, preceded by the first decrease in NAP, is a typical feature of the Polesie area, recorded in many pollen diagrams. The deposit layer with the maximum values of Betula pollen has various thicknesses; the greatest was found in the profiles Łukcze II and III, Krowie Bagno and in the laminated sequence from Lake Perespilno. Birch zone in these profiles is related to the Bölling or Meiendorf interstadial warming (Bałaga et al., 1983; Bałaga, 1991 , 2004 and RalskaJasiewiczowa et al., 1999 . The mentioned first high percentage of Betula pollen in the profile DB-1 (depth of 740 cm) is not clearly marked in the concentration diagram (Fig. 5a ). Significant rise in the concentration of Betula pollen occurs a bit higher, together with that of Pinus (depth of 720 cm). This simultaneous rise in concentrations can be related to a low sedimentation rate, so it can indirectly indicate a weakly developed birch phase on this site.
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Artemisia-Chenopodiaceae LPAZ (DB-1; 670-555 cm, DB-3; 375-330 cm)
This zone corresponds to the Younger Dryas chronozone. Climate cooling in the Younger Dryas caused the gradual opening of landscape as is clearly indicated by low total pollen concentration (Fig. 5a) (Prentice et al, 1992 and Vierling, 1998) . Myriophyllum spicatum occurred in the lake and algae of Pediastrum genus developed plentifully but thermophilous species, such as Typha latifolia, disappeared.
Holocene
The development of vegetation cover in the Holocene was recorded in four pollen zones and six subzones.
Pinus-Ulmus LPAZ (DB-1; 555-520 cm, DB-2; 335-305 cm)
This zone is correlated with the Preboreal chronozone. The comparison of the two profiles suggests that only a small part of this chronozone is represented in the profile DB-1. Pollen spectra from the profile DB-2 provide more complete picture. They reflect the progressive development of birch-pine forests (with predominant birch up to 52.8% in profile DB-2) in the study area. A component within these forests was elm. Ulmus pollen consistently appears as the earliest of all the deciduous tree pollen (Bałaga et al., 1983 and Bałaga 1991 , 2004 . Its early occurrence was probably connected with its migration from the south-east . Hazel spread into these areas and its significant development started at the end of this chronozone. The occurrence of Populus pollen was probably connected with the development of communities resembling modern wetland Salici-Populetum forests. The sustained curve of Betula nana pollen indicated that patches of tundra communities were still developing on wet habitats too. Still low pollen values of mesophilous deciduous trees indicate that their role in the forests was still unimportant. Forests were overgrowing large areas, limiting the areas occupied until then by light-demanding herbaceous plants such as Artemisia and Chenopodiaceae. Along wet edges of forests the tall-herbs communities were growing, among them Filipendula and Humulus. The appearance 
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of species with higher thermal requirements, such as Typha latifolia and Nymphaea alba (in the profile DB-2) stresses climate warming at that time. The rise of the telmatophyta sum can indicate the rise of water level and the development of wide littoral zone in the shallow parts of the lake. The amount of Pediastrum coenobia decreased.
Corylus LPAZ (DB-1; 520-460 cm; about 8600-6900? BP)
The zone is correlated with the Boreal chronozone and presumably, part of the Atlantic chronozone. During the Boreal chronozone, pine-birch forests with the changing proportion of these two components still grew. Mesophilous deciduous trees (alder, oak and ash) started their expansion. Their appearance favoured differentiation of forests. Elm and ash with admixture of oak may have formed the first patches of elm-ash wetland forest on wetter habitats. Rather low pollen values of ash (<1%), especially in the younger phase of the zone, indicates that elm and alder were the predominant taxa in riverine forests growing on not much waterlogged grounds. Sporadically found pollen grains of Picea can indicate that spruce could have singly appeared in the communities with alder.
Rather high pollen values of Corylus (13.8%) indicate that hazel was expanding rapidly and occupying clearings and edges of the forests. Hazel developed plentifully also in other sites of the Polesie in the Boreal chronozone. Such percentage values of Corylus are typical for Eastern Poland . In the younger phase of the zone the frequencies of hazel gradually decreased (6.4%). The reduction of Corylus shrubs was connected with increasing density of deciduous forests. Consistently increasing pollen values of alder, oak, ash and lime indicate the further differentiation of forests. An extremely rapid expansion of Alnus took up the surrounding of the Durne Bagno around 6000 BP, which was explained in the chapter "Remarks about stratigraphy". Similarly to the other sites of the Lake District, lime entered the early Holocene forests of the Polesie as the last atlantic species. Dwarf Betula nana persisted still in the surroundings of the lake.
The rise of the NAP pollen and Sphagnum spores indicate that peat bog developed around the lake basin. The amount of Pediastrum coenobia decreased in the lake.
Alnus-Quercus-Tilia-Ulmus LPAZ (DB-1; 460-215 cm; 6900?-3400 BP)
The zone corresponds to the middle and late phases of the Atlantic and early phase of the Subboreal chronozones. At that time, the landscape was dominated by mixed deciduous forests. Three distinguished subzones indicate the differentiated succession of communities.
-Alnus subzone Both alder and oak reached here the greater proportions in the forests about 5990±40 BP, i.e. about 200 years later than in the vicinity of neighbouring Lake Moszne (Bałaga et al., 1992) . Similar conclusions can be drawn from the curve of lime, which played important role (confirmed by the pollen values exceeding 1%) also considerably later than in other sites of the Lake District.
Alderwoods of wet and waterlogged habitats predominated near the examined lake basin in the middle part of the Atlantic chronozone. The main expansion of Alnus might have been initiated by waterlogging and rising ground waters tables (Birks, 1986) . Here, Alnus may spread around the lakes on the wettest grounds partly covered by birchwoods as is suggested by a fall in Betula pollen curve, but also on water-logged lake shores where herbaceous communities development until then. The consistently increasing values of Fraxinus excelsior pollen indicate that ash played an important role in forests forming probably the communities resembling the modern ash-elm and ash-alder riverine forests. The role of oak also increased, together with pine it formed mixed -pineoak forests with Pteridium aquilinum developing in the understorey. On more fertile soils -oak formed forests with admixture of elm, ash and lime. The decrease of the Pinus and Betula pollen values indicates that pine-birch forests remained only on poor sandy soils during the climatic optimum. Calluna vulgaris developed in these open pine forests. Viscum, pollen indicator of climatic optimum, was also present in these forests.
-Quercus subzone The higher values of Quercus pollen evidence the expansion of oak forest in the landscape of the described area at the end of the Atlantic and at the beginning of the Subboreal chronozones. The proportion of oak (cf. Q. petraea) increased in mixed coniferous forest. On the other hand, the waterlogged areas were probably drained, as evidenced by the decreasing values of alder pollen and oak (cf. Q. robur) could have encroached on them. The maximum spread of lime took place at the end of the subzone. Lime was a component of oak forests and could be also found in riverine communities, together with elm and ash. The increasing percentages of ash pollen evidence the changes in the composition of these communities. Hazel was still abundant in forests understorey as evidenced by Corylus pollen values, which increased again in this subzone. Pteridium aquilinum still abundantly developed in pine and mixed forest and Calluna vulgaris on poorer habitats. Hedera helix pollen -a Mediterranean-Atlantic species -was found too.
In the end part of the subzone the distinct increase of elm pollen values lasted about 300 years and was simultaneous with the decrease of the curves of Alnus, Pinus and partially Quercus. The modification in forests composition in the Durne Bagno environs at that time was probably connected with the change of hydrologic conditions. Locally formed moderately humid habitats could have favoured the development of elm. The appearance and rising pollen values of such taxa as Plantago major/media, Rumex and Urtica can indicate the simultaneous anthropogenic changes in forests structure at that time. The decreasing sporomorph values of Bryales moss and consistently increasing those of Sphagnum suggest that the conditions at the peat bog were changing towards more oligotrophic.
-Alnus-Corylus subzone In this subzone, which corresponds to the early Subboreal chronozone, the role of elm in forests in the Durne Bagno surroundings became consistently smaller. The decline of elm took place here about 200 years later than in the neighbouring Moszne site (Bałaga et al., 1992) . The decrease of elm pollen values in the analysed diagram is simultaneous first with the rise of Pinus and Fraxinus excelsior and next with Betula and Corylus percentages. The reduction of elm in the forests on wet habitats favoured the development of ash and shrub communities with birch, which quickly expanded on new areas as a pioneer species. Reduced shading formed also better conditions for hazel development. Alderwoods became dominant from about 4500 BP. The continuous curve of Picea indicates that spruce could have occurred in those communities as an admixture. The Lublin Polesie is situated in area of the dispersed occurrence of spruce; nowadays spruce forms small stands of PiceoQuercetum in the Łęczna-Włodawa Lake District (Fijałkowski, 1957) . Pollen values of elm and ash reaching several percentages stress their considerable role in forests on wet and moderately wet habitats. However, oak forests played dominant role on the latter habitats though the curve of oak pollen decreases after culmination to 13.5% about 4000 BP. Between 4400 and 3500 BP the Quercus curve decreases to 4.8%. This fall was associated with the replacing of oak by pine and then by new forest components: hornbeam and beech. However, between about 5000 and 3500 BP the contribution of hornbeam in the surroundings of Durne Bagno was rather low in comparison to that recorded in other sites of the Polesie (Bałaga, 1991 and 2004) .
Higher values of Artemisia pollen are recorded since the beginning of the zone, first pollen grain of Plantago lanceolata appears and then of Cerealia. Thus, the observed fluctuations of tree curves could have resulted not only from changeable climatic and hydrologic conditions but also from forest clearance associated with human economic activities. The decrease of Sphagnum spore values in the younger phase of the zone (from about 4400 BP) stresses a change in peat bog vegetation succession. This change, i.e. the sedentation of sedge-cottongrass peat, could have been conditioned by different overlapping factors, including human activities (see chapter "Remarks about stratigraphy").
Carpinus LPAZ (DB-1; 215-30 cm; 3400-440 BP)
The expansive development of hornbeam (pollen values of Carpinus betulus increase to 9.3%) caused a considerable change in the forests surrounding Durne Bagno. Hornbeam is a component of deciduous forests. Together with oak, maple and lime it forms the second stratum of trees forming a dense layer. The spread of shady hornbeam forests significantly limited the development of hazel shrubs from about 3150 BP, i.e. about one thousand years later than near the Lake Moszne (4400 BP). The frequencies of Corylus pollen decrease almost three times (to 3-4%), though two short episodes are recorded about 1800 and 1200 BP, when they reach 7-8%. The role of pine, birch, hornbeam and anthropogenic indicators was variable, so three subzones are distinguished.
-Pinus-Betula subzone (DB-1; 215-115 cm; 3400-1700 BP) Fluctuations of the curves of Pinus and Betula reflect intraspecies competition in the vicinity of the examined site. Still high values of Corylus pollen in the older part of the subzone could have resulted from the presence of hazel in the surroundings of the peat bog. Hornbeam played more and more important role in deciduous forests. Its expansion during this subzone, similarly to the one of Fagus sylvatica might be explained by the anthropogenic forest disturbance being here only a stimulating factor . The maximum development of hornbeam communities took place in the early and final parts of the subzone; their smaller role in the middle part was associated with human activities. Matuszkiewicz (2002) , considering the distribution of oak-hornbeam forests with lime, in which hornbeam is the most important tree, suggests that limiting factors include a mean May temperature above 11°C and a July temperature above 16-17°C. Beech could have formed an admixture in the forest as its pollen values reached 4.0% in the final part of the subzone. Huntley and Birks (1983) assumed that the beech pollen values of >2% indicate its local, scattered presence in vegetation communities. Today beech doesn't occur in the forests of the Łęczna-Włodawa Lake District (compare Bałaga, 2007) . The factors controlling its north-east limit are not quite clear, as the amount of precipitation and temperature conditions are sufficient for the development of beech woods (Matuszkiewicz, 2002) . Fir, today does not participate in the forest of the studied area neither (Fijałkowski, 1957) ; Abies alba pollen appears sporadically in this subzone. Till about 2200 BP Alnus was frequent in forests. The distinct decrease of its pollen values towards the end of the subzone was probably related to drier conditions. This hydrological change, as well as human activities (indicated by the occurrence of charred leaflets of Sphagnum), contributed to the renewal of forests with oak, hornbeam and elm at that time. A new rise of the Sphagnum spore values indicates the short-lived succession changes at the peat bog, which started at about 2770 BP. Sedge-cottongrass communities developed again at the end of the subzone.
-Betula subzone (DB-1; 115-45 cm; 1700-700 BP) Rather high pollen values of birch found in the DB-1 (higher than those of pine) are not common in the younger Holocene pollen diagrams from the Polesie; the pollen percentages of Pinus usually predominate over the Betula pollen frequencies. Thus, the high values of Betula are probably of local nature and resulted from the presence of birch on the peat bog. In the succession of communities surrounding the Durne Bagno the main role was played by Quercus, Carpinus and Corylus. The changing pollen values of these taxa evidence the changes in forest composition at that time. Alder played a greater role in the older part of the subzone, indicating greater waterlogging of the examined area. The decrease of alder pollen values in the younger part of the subzone corresponded with the increased frequencies of Betula and then Quercus pollen; birch could faster expand in the first period of disturbed hydrological balance and then Quercus robur could encroach on more dried peat bog area.
Besides the soil-hydrologic conditions also man had an impact on the composition of forests. Human economic activities are confirmed by higher pollen frequencies of anthropogenic indicators and depressions in the curves of hornbeam and oak. Clearings in those shady forests probably favoured temporary expansion of hazel. Beech could have been present in those forests as its pollen values still reach 1.8% in the subzone. Still only single pollen grains of Abies alba.
-NAP subzone In this subzone there is increased human activity, which is stressed by the maximum values of the NAP sum (including anthropogenic indicators such as Cerealia, Plantago lanceolata, Rumex) . An open landscape dominated and forests occupied smaller areas. The conditions for Sphagnum were favourable again; the peat bog was probably not used for pastural husbandry. A high degree of deforestation indicates that human activities were carried out on larger parts of the area around Durne Bagno.
DEVELOPMENT AND TRANSFORMATION OF LAKE ECOSYSTEM INTO PEAT BOG Late Glacial

Older Dryas chronozone
Lacustrine accumulation in the Durne Bagno started directly on sands or silts of the Odra Glacial; moss peatfound in most lake bottoms of the Łęczna-Włodawa Lake District (Wojciechowski and Więckowski, 1971; Bałaga et al., 1983 and Bałaga, 1991 , 2007 ) -does not occur here. In the developing lake Potamogeton sec. Eupotamogeton, Myriophyllum spicatum and Characeae were present (Salix-Artemisia subzone; Table 7 ). M. spicatum is a component of a pioneer community of mineral habitats in quiet waters (Matuszkiewicz, 2001 ).The lake, at first shallow, was rich in Pediastrum and Botryoccocus colonies too (Fig. 8) . Both genera with wide ecological spectrum and indicator species of Pediastrum occurred in large numbers. In the initial phase of lake development, its water was cold as indicated by the occurrence of Pediastrum kawraiskyi coenobia -species of boreal-alpine nature, representative of cold and pure oligotrophic waters (Komarek and Jankowska, 2001 ). The occurrence of Pediastrum integrum also indicates pure oligotrophic to dystrophic waters. The absence of Cladocera species with higher thermal requirements indicates cold water, too (Szeroczyńska, 2003) . The appearance of Bosmina longispina at the end of the chronozone was probably associated with the rising water level. The accumulated deposits (clayey and algae-carbonate gyttja) with high content of mineral components (>90%), including erosion indicators (K and Na) and also low total pollen concentration evidence open landscape around the developing lake (Fig. 9) .
Alleröd chronozone
The development of forests and reduction of open areas gradually limited aeolian processes and the supply of mineral material to the lake. In the older part of the Alleröd the content of mineral material in deposits was still rather high (90-70%) and it distinctly decreased (to 30-40%) in the younger part (from a depth of 710 cm). This change is marked by the change in total pollen concentration and in the chemical composition of the deposit by the peaks in the Fe, Mn, Mo, P, Cd curves. These elements are negatively correlated with Zn, Cu, Ni, Co and Cr in the younger part of the Alleröd. The increased contents of the mentioned elements were probably at least partially connected with the increased productivity of the lake resulting from climate warming. This is indicated by the occurrence of Typha latifolia developing in reedswamp belt and the larger number of Cladocera species both in littoral zone and open water. Cold-demanding species Pediastrum kawraiskyi disappeared but other Pediastrum and Botryoccocus species developed jet intensively (especially Pediastrum integrum, P. duplex var. rugulosum and P. boryanum var. longicorne). Characeae disappeared and Nymphaea sp., Najas flexilis and N. marina were present ( Table 7) . The Fe/Mn and Cu/Zn ratios (Fig. 9) indicate variable redox conditions and so water level fluctuations. These changes were probably connected with the lake deepening due to progressing degradation of permafrost and slow subsidence of substratum (Bałaga et al., 2006 and Dobrowolski, 2006) . More abundant Cladocera indicate an increase in the trophic status of the lake in comparison with the previous chronozone.
Younger Dryas chronozone
Lacustrine deposits accumulated also in shallower parts of the lake (DB-2) and they usually contain calcium carbonate. Deposits from its deeper parts are carbonatefree. The content of calcium carbonate, one of the main components of lacustrine deposits, is controlled by many factors (Nowaczyk and Tobolski, 1981; Rzepecki, 1985 and Wojciechowski, 2000) . Its supply is connected with the intensity of chemical denudation of a catchment and its content can be also influenced by biological decalcifi- cation of water by macrophytes. When the examined lake became larger the spread of macrophyte zone favoured the accumulation of carbonates in shallower parts. The deposits formed at that time (DB-1) are characterized by higher erosion indicators, i.e. the content of mineral substance (to 60%) and of macroelements (Mg, K, Na, Al). They are positively correlated with some microelements: Ti, V, Cu, Ni, Co. The Fe/Cu, Cu/Zn ratios evidence reduction conditions and so lower oxygenation of bottom water layers. Such conditions were not favourable for the development of Cladocera fauna so its frequency decreased. Species of lower thermal requirements were present (Szeroczyńska, 2003) . After the decrease in the older phase, the contribution of algae increased again in the younger one, in it especially of cosmopolitan species P. boryanum var. boryanum and P. integrum. The occurrence of P. integrum evidences oligotrophic nature of the lake. The absence of Pediastrum kawraiskyi can indicate that lake water was warmer than in the initial phase of lake development though pollen spectra confirm a considerable climate cooling resulting in the expansion of grass-Artemisia cold steppe and tundra communities and the reduction of forests. In the Late Glacial the lake was large and about 3-4 m deep and water level occurred at 167-168 m a.s.l. (Bałaga et al., 2006) .
Holocene
Preboreal chronozone
Similarly as in pollen spectra, the boundary YD/PB is rather sharply visible in chemical composition of deposits as the decrease in the content of mineral matter and almost all elements. Only the contents of Cr and Zn and partially P remain high. Cr and Zn are elements of low geochemical mobility. When released from minerals, they are quickly kept by weathering products. It is possible that their increased contents are associated with higher biological productivity of the lake and especially with the development of microfauna (Polański and Smulikowski, 1969) . The curves of these elements are positively correlated with the frequency of Cladocera fauna developing in the lake (Fig. 8) . The amount of Pediastrum coenobia decreased, P. integrum and P. duplex var. rugulosum occurred only in trace quantities. However, the appearance of Pediastrum duplex var. rugulosum indicates that lake water was rather warm. Presence of Nymphaea alba pollen also indicates that the water was warm and eutrophic. Today this plant is a component of NupharoNymphaetum albae and plays the main role in the successive stages of the lake becoming shallower and more overgrown. Generally, sedimentation in the lake was still varied; deposits containing carbonates accumulated in shallower parts and those carbonate-free -in the southern, deeper part of the lake. In the deeper part of the lake (DB-1) only a 25 cm thick layer of deposits represents this chronozone. In comparison with the results of pollen analysis of the DB-2 profile, it seems that accumulation in the deeper part of the lake was not continuous at that time.
Boreal chronozone
The contents of mineral substance and most of elements (except for Mo, Zn and Cr) in deposits still decreased. The rise of low curve of Mo can evidence higher redox potential and more acid environment (Polański and Smulikowski, 1969; Perelman, 1971) . Mobility of molybdenum in acid environment is low because MoO 4 2-is absorbed by positively charged colloidal hydroxides of iron and aluminium and forms insoluble complex compounds with phosphates. However, it is possible that the increased amount of Mo was conditioned by vegetation and faunal composition because it plays an important role in nitrogen transformation occurring in plant and animal organisms. Faunal studies evidence the maximum development of Cladocera at that time (Szeroczyńska, 2003) . The increased frequency of Chydoride stresses the occurrence of wide littoral zone, which was associated with steady or rising water level. Higher contribution of Bos- D a p h n ia lo n g is p in a -g r o u p A c r o p e r u s h a r p a e A c r o p e r u s e lo n g a tu s A lo n a a ff in is A lo n a q u a d r a n g u la r is A lo n a g u tt a ta tu b e r c u la ta A lo n a r e c ta n g u la A lo n e ll a n a n a A lo n e ll a e x c is a C a m p to c e r c mina longispina and B. coregoni rather indicates the rise of water level. The following increase of amount of acidophilous Allona excisa and gradual decrease of Cladocera frequency indicate the gradual change towards the dystrophic lake. The greater amount of Pediastrum (mostly P. boryanum) and Botryoccocus coenobia appearing again in the younger phase of this zone was connected with a change in fauna composition. The occurrence of P. integrum was probably connected with more oligotrophic conditions and P. duplex var. rugulosum indicates that water was still warm. The presence of Nymphaea candida pollen may confirm that the lake basin became shallower and was impoverished in nutrients (Matuszkiewicz, 2001) . Changeable concentration of pollen (high in the middle part of the chronozone) indicates a different rate of sedimentation, which resulted from various productivity of the lake. The approximate rate of sedimentation was estimated at about 0.3 mm/yr; however, it is probable that sedimentation hiatus occurred between the Boreal and Atlantic chronozones (early Atlantic deposits are absent).
Atlantic chronozone
A fundamental change of accumulation type took place in the lake, which progressively became shallower; in its shallower parts (DB-2 profile) this process started as early as about 7400 BP. The shoreline of the lake basin was probably differentiated and the aquatic and rush plants alternated as a mosaic. Sedge-moss or sedge-reed peat grew as a result of consistent decrease in the lake area. At that time, the lake occupied about half of the modern peat bog surface. A further progressive decrease in the depth of the central basin, deeper part of the lake, took place about 1400 years later. It is shown by algae of Pediastrum genus stopped developing in the final phase of the chronozone and the prevailing species of Cladocera (found at a depth of 460-420 cm) were acidophilous and those living in the company of macrophytes. This section of the profile is characterized by low total pollen concentration that probably evidences fast sediment accumulation. The water surface shrank, occupying less space than previously. The change of sedimentation into sedentation in the central part of the lake is dated at 5990±40 BP. At that time the lake was overgrown and turned into fen which is recorded in pollen diagram as the rise of Cyperaceae, Phragmites australis, Sparganium pollen and Musci spore values. The presence of Nymphaea alba and N. candida pollen may indicate the existence of a small water surface. The changes in the conditions caused some modifications in the composition of chemical elements. The content of mineral matter in peat decreases to several percent, the contents of Ca, Sr, Na and Ba increase and are high in sedge-moss peat accumulated in the younger phase of the Atlantic chronozone that was mostly connected with the type of vegetation forming this peat (Cyperaceae, Musci, Phragmites australis, Typha latifolia, T. angustifolia and Sparganium).
Subboreal chronozone
At the beginning of the subboreal chronozone another change in the peat bog development took place. The decreasing amount of brown moss spores and increasing frequency of Sphagnum spores indicate conditions favourable for developing a Sphagnum bog (Fig. 10) . The change is also indicated by gradually rising curve of dwarf shrubs of the Ericaceae family. Peats are characterized by decreasing tendency of Ca, Sr, Ba and Na contents and continuous rise of phosphorous content from about 5000 BP. The P curve reflects the increased supply of humus material, which was probably connected with human economic activities in the surroundings of the examined site. Peat bog communities underwent another change about 4440±40 BP when cotton-grass-sedge communities developed. Sedentation of cotton-grass-sedge peat with very fibrous "rope-like" structure lasted about 2000 years. Sphagnum spores in the pollen diagram disappeared almost completely till about 2500 BP. The boundary between Sphagnum peat and cotton-grass-sedge peat is reflected in a gradual transition in chemical composition. The cotton-grass-sedge peat is characterized by further decrease of the Ca, Sr, Ba, Fe and Mn contents.
The development of cotton-grass-sedge (cotton-grass) could have been connected with human economic activities. Kulczyński (1939 Kulczyński ( , 1940 described peat bogs in the Polesie region and distinguished cotton-grass peat bogs, which were changed by grazing. Grazed plant was Eriophorum vaginatum. Grazing took place in the spring where leaves of cotton-grass were still soft. Trees were often cut and transpiration was reduced so peat bog became more waterlogged. Intensive and long-standing pasturage resulted in destruction of "hummock and hollow" structure. Sphagnum disappeared both in hummocks and in hollows and root system of cotton-grass vigorously grew (Fig. 11) . Its development was also supported by the enrichment of habitat in nitrogen and phosphorus compounds. Such a use of the peat bog could have resulted in the low values of Eriophorum pollen and in the disappearance of Sphagnum spores recorded in the diagram. Consistence of pollen record and archaeological data (Fig. 12) argue for such an interpretation. According to Bragg and Talis (2001) grazing and/or burning favours a predominance of graminoides (Eriophorum vaginatum, Molinia coerulea, Trichoforum caespitosum) in the bog vegetation. A Sphagnum-rich bog vegetation may have resulted from low-intensity grazing and infrequent burning.
The sedentation rate calculated for the period from 4440 to 2140 BP is 0.56 mm/yr. High total pollen concentration, especially in the period from 3700 to 3300 BP, can indicate that sedentation rate was considerably lower but variable.
Subatlantic chronozone (DB-1; 160-30 cm)
The beginning of this chronozone brought a next change in the peat bog development. Sphagnum spores reappear in the diagram but they do not form a continuous curve indicating slow change towards the Sphagnum peat bog. The increase of Sphagnum spores started about 2500 BP and the maximum occurred about 2100-2000 BP. The rise of the Vaccinium type pollen (from about 1900 BP) probably indicates that Vaccinium uliginosum grew at the peat bog and Ledum palustre appeared about 1300 BP. They usually occupied rather dry hummocks formed around pines. High values of Betula pollen can indicate that birch was also present at the peat bog. The successive decrease of Sphagnum spores in the period from 2000 to 1200 BP and the rise of anthropogenic indicators were connected with the intensified anthropopression in the Roman period and early Middle Ages. Higher contents of mineral substance in the deposits accumulated at that time probably evidence accelerated erosion caused by forests clearance. The next development of Sphagnum is recorded in the youngest 50 cm of deposits, which accumulated from about 700 BP, i.e. in the period determining the modern peat bog nature. The contents of heavy metals are higher in the top part of peat (especially in the youngest 25 cm, i.e. from about 400 BP).
ANTHROPOGENIC ASPECTS OF THE DE-VELOPMENT OF VEGETATION AND PEAT BOG
The archaeological research was done within a radius of 3 km. Such a radius was selected due to rather close vicinity of other objects (Moszne, Karaśne, Krowie Bagno) that were palynologically examined. Traces of prehistoric settlement near the Durne peat bog are rather numerous but many findings have not precise chronology (Taras 2005 and Fig. 12) .
The earliest changes in the pollen diagram, interpreted as evidence of human activities, occur within the older part of Alnus-Quercus-Tilia-Ulmus PAZ representing the Altantic chronozone. They are connected with the Mesolithic populations. Mesolithic groups of the Komornicka and then Janisławicka Cultures arrived in the Polesie area during the early and middle Holocene. Local groups of the Świderska Culture probably managed to survive and adapt to the changing environmental conditions. The above-mentioned populations occupied also the elevation near the Durne Bagno (Tymczak, 1998) . Eleven archaeological sites found in the examined area were defined as the Mesolithic ones (Fig. 12) . However, numerous sites with flints of non-identified age can indicate that Mesolithic settlement was even denser. Mixed deciduous forests with Quercus, Ulmus, Fraxinus, Tilia and Corylus avellana occurring on more fertile brown soils and alderwood developing in the waterlogged areas were dominant. Pine and mixed pine forests were overgrowing sandy grounds. The herbaceous plants document disturbance mostly in dry mixed pine forest (Pteridium aquilinum, Calluna vulgaris, Melampyrum) and humid alderwoods (Humulus lupulus, Urtica, Filipendula, Thalictrum and Valeriana) . The rise of the Pteridium aquilinum curve, a species well developing in open forests or sites of the fire (Latałowa, 1992) , was dated only from about 5900 BP. Such late record could have resulted from not continuous accumulation of deposits (see chapter "Remarks of stratigraphy"). The increased pollen values of Urtica (especially about 5700-5500 BP) were probably connected with the occurrence of nettle in alderwoods, but could also evidence nitrophilous habitats (cf. Urtica urens) formed near human campsites. The increased pollen frequencies of Artemisia provide also evidence of ruderal habitats surrounding the Durne Bagno.
This hunting-gathering type of economy changed into agricultural-breeding one in the younger Stone Age. The expansion of Neolithic people in the Łęczna-Włodawa Lake District started when the population of FunnelBeaker Culture arrived, which left most numerous artefacts in this area (Taras, 2005) . In the environs of the Durne Bagno the sites of this culture are rare (Fig. 12) . The new signals of human presence in the studied area appeared about 5100 BP. A new cycle of anthropogenic change is signalled by rising pollen frequencies of ruderal taxa (Artemisia, Chenopodiaceae, Plantago lanceolata and Urtica) after the decrease in the elm curve. Curves of mesophilous tree species consistently decrease. The deforestation became more evident, grazed clearings were formed both on more humid soils, as confirmed by the occurrence of Rumex acetosa and on drier habitats with Rumex acetosella. The first single grains of Cerealia (Triticum) appear, indicating the existence of small corn-fields. The younger part of the Neolithic is usually represented by scattered, shortlived, small settlements. Small burial grounds or single graves of people of the Globular Amphorae and Corded Ware Cultures also date from that period (Bronicki, 1991) . Three sites of Globular Amphorae Culture and four sites of Corded Ware Culture were found near the Durne Bagno (Fig. 12) . People of these cultures were nomads and pasturing was their main type of economy. It is possible that the area of the examined peat bog was enough accessible to use it as pasture at that time. Those unquestionable changes caused in natural environment by the Neolithic man are not clearly reflected in the AP/NAP ratio. Probably the area of cultivated fields was small and fields frequently lying fallow were again overgrown by pioneer vegetation.
Scattered groups of people appeared in the examined area at the beginning of the Bronze Age. First it was population of the Mierzanowicka Culture and next -of the Strzyżowska Culture. However, long-lasting settlement started only when people of the Trzciniec Culture arrived. Greater agglomerations of that culture are recorded in the central part of the Lake District, just near the Durne Bagno and nearby Krowie Bagno and Lake Wytyckie (Taras, 1995 and Bronicki, 1991) . Twenty-four sites are related with the Trzciniecka Culture and thirteen are dated to the Early Bronze Age (Fig. 12) . The increasing pollen values of anthropogenic indicators, associated with pasturage and agriculture, evidence greater changes in vegetation cover. Curves of mesophilous tree species still fall and distinct decrease is visible in hornbeam curve. The appearance of first pollen grain of Secale cereale should not be related to rye growing. Rye probably occurred as weed in other cereal crops. The economy of Trzciniec population was mostly based on animal husbandry exploiting open grasslands for grazing, agriculture was of minor importance. Type of accumulated peat and disappearance of peat mosses were probably associated with pastoral use of peat bog (see chapter "Development and transformations…"). That rather intensive use of peat bog lasted to about 2500 BP, i.e. when the Lusatian population settled the Polesie area. Definite majority of known sites of this culture is found in the southern and central parts of the Lake District (Taras, 2005) , in it twenty-six near the Durne Bagno peat bog.
The second half of the first millennium BC is archaeologically worse recognized (Taras, 2005) . Few surface findings are dated to the La Téne period. Five sites dated to the Halstadt/La Téne and five from the Early Roman period were found in the vicinity of the Durne Bagno.
The fall of the curves of Artemisia, Chenopodiaceae and other meadow taxa in the La Téne and Early Roman periods indicates the decrease of human economic activities and the regeneration of communities with oak, hornbeam, elm and beech on more fertile habitats. Cottongrass pasturages became probably abandoned and Sphagnum developed again at the peat bog (see section "Development and transformation…"). Distinctly reduced human activities probably indicate the movements in the settlement within the regions. Situation changed only in the Roman period when the peat bog could have been used as a pasture once more, cotton-grass again vigorously grew and cotton-grass peat accumulated. At that time the proportion of anthropogenic indicators did not differ considerably in comparison to that in the Bronze Age. Similarly as in the former periods, the AP/NAP ratio does not indicate a considerable deforestation. However, the fluctuations of the tree curves probably evidence the changes in forest composition. The beginning is indicated by a rise in Betula and decreases in Fraxinus excelsior and Ulmus, followed by sharp reduction in Carpinus betulus and Quercus pollen values.
In the next period of the increased content of anthropogenic indicators, i.e. in the 2-6 th century AD, according to the interpolated dating results, rather distinct decrease of pine pollen values is recorded. At that time the clearance of forests was probably carried out mainly on drier habitats so it affected pine forests. Forests with considerable contribution of alder, elm and ash still grew on humid habitats. Fluctuations of the curves of other deciduous trees indicate the composition changes of forests also on more fertile habitats -after short decreases, the curves of hornbeam and next of oak rise again for a short time. Those rather dynamic changes in forests could have been caused not only by human economic activities but also in large measure by hydrologic factors -higher groundwater level. The occurrence of Secale cereale pollen grains should be probably related to intentional growing of rye. The values of Cerealia are 0.2%.
The rise of the oak frequencies (corresponding to the 6 th century) is synchronous with the beginning of persistent decrease of the elm and ash curves. In the further succession of forests the next fall of tree curves (Quercus, Carpinus) is simultaneous with the low or even disappearing frequencies of some anthropogenic indicators. Their very low contribution was probably connected with the migration of settlers away from the site. Chronologically, the decrease of anthropogenic indicators after the Roman period is related to the decline of settlement in the Migration period. The interpolated age of the examined deposits does not correspond with this statement. However, it seems to be underestimated for about 200 years. The variable total concentration of pollen stresses the differentiated rate of deposit accumulation, so it is possi-ble to correlate the phase of decreased anthropogenic indicators with the Migration period. Regeneration of pine forests took place at that time and then the expansion of Betula and Quercus occurred, which was probably favoured by less humid conditions. Quercus could have developed on partially dried, more fertile habitats but more favourable light conditions, caused by thinning of forest cover, could have also influenced oak flowering.
In the further forest succession (up to the 10 th century according to the interpolated age of peat) both pine and alder were replaced by birch (B. pubescens) as a species of high hydrologic tolerance. These data can indicate rather local changes; humid conditions favoured the restoration of alder near the examined peat bog. Restoration of hazel also took place; the development of hazel shrubs was connected with a considerable clearance of forests.
The reappearance of anthropogenic indicators in the 10-12 th century was associated the reduction of birch and pine communities as indicated by the decrease of Betula and then Pinus curves. The increase of the pollen values of Carpinus, Quercus and Fraxinus indicates that forests on more fertile habitats were not devastated at that time. They were probably treated as the source of varied food. The changes occurred also at the peat bog. Sphagnum developed again but the formation of Sphagnum peat bog was disturbed again in the 13-14 th century. This fact was simultaneous with the next decreased contribution of anthropogenic indicators. Their fall was connected with the expansion of birch shrubs and a small regeneration of forests with lime and elm. The contributions of oak and hornbeam in forests were reduced. A depression in the Alnus curve (corresponding to the 10-14 th century) probably evidences drier conditions. The dried grounds were occupied by birch, which won ecological competition in the conditions of disturbed hydrological equilibrium. Pine, oak and hornbeam encroached on the deforested areas later.
The successive changes expressed by a distinct increase of the NAP sum and of anthropogenic indicators were recorded in the two upper samples with the interpolated age calculated at the 14-15 th century. They indicate crop intensification and forest clearance both on fertile and poor habitats in the late Middle Ages. This period is characterized by the increased population density and crop intensification resulting from the transformation of the two-field system into three-field system. The development of feudal possession of estate determined the delineation of more stable field/forest boundaries (Maruszczak, 1988) .
The successive development of Sphagnum (recorded from a depth of 30 cm) can suggest that grazing was ceased at the peat bog and modern peat bog developed.
In the light of rather enigmatic materials from surface investigations, the oldest Slav settlement was dated to the 6 th or at the latest 7 th century AD (Taras, 2005) . Nineteen archaeological sites are located near the Durne Bagno and others near the neighbouring Lake Wytyckie. A small number of archaeological sites dated from the Middle Ages seems to confirm that a direct impact of man on the development of the Durne Bagno peat bog (when it was used as a pasture) gradually declined. Its further functioning (during the last fifty years) was determined by hydrological conditions influenced both by climate and human economic activities.
FINAL REMARKS
Durne Bagno is one of many sites in the Łęczna-Włodawa Lake District analysed on the basis of the results of interdisciplinary research, in it palynological studies. Vegetation succession of the Late Glacial and Holocene in the Durne Bagno site was generally similar as in other examined sites. The record of late development of mixed deciduous forests, in pollen diagram Durne Bagno 1, resulted probably from the occurrence of hiatuses during deposit sedimentation (see chapter "Remarks about stratigraphy"). However, special phenomena are the increased values of Ulmus pollen at the end of the Atlantic chronozone and rather slow encroachment of Carpinus on the area near the post-lake peat bog. Man influenced the lake-peat bog complex as early as in the Mesolithic. Human activities became stronger and stronger with the intensification of settlement and directly affected the next phases of peat bog development. Geologic structure, i.e. the occurrence of thick fluvioglacial series underlying the palaeolake Durne Bagno without direct connection with karstified bedrock, determined favourable conditions for the development of peat bog (Bałaga et al., 2006) . Its formation started around 5200 BP but its further evolution was modified by pastoral economy of Neolithic humans, especially of the Bronze Age population. Sphagnum disappeared in the periods of more intensive settlement and root system of cotton-grass vigorously grew as a result of grazing. Human activity is stressed not only by the occurrence of pollen anthropogenic indicators but also by higher content of phosphorus in accumulated peat. The succession of peat bog, from reed-sedge-moss peat developing on lacustrine deposits to cotton-grass-Sphagnum peat, is also recorded in the changeable contents of chemical elements. Reed-sedge-moss peat is characterized by higher contents of Ca, Sr and Ba. Their concentrations are lower in cotton-grass-Sphagnum peat because the conditions at the peat bog were more oligotrophic. Top layers of the peat bog contain higher contents of heavy metals (Pb, Cu and Cd).
Sedimentation of lacustrine deposits underlying peats started in the Older Dryas and lasted to the middle Holocene. In comparison with peats, lacustrine deposits are characterized by high contents of mineral material and almost all determined chemical elements. In the Late Glacial series the lowest content of mineral material is found in the chemical zone corresponding with the Alleröd chronozone. Limnic phase of the Durne Bagno development is characterized by a positive correlation between the contents of Zn and Cr and the frequency of Cladocera fauna.
